A concrete member is subjected to loads for a long period of time, during which creep and shrinkage of concrete develop gradually. The prediction of this timedependent behaviour is important as it may cause serious serviceability problems in concrete structures. A time-dependent analysis is commonly based on empirical equations according to design codes where the function describing the time dependent increment of shrinkage and creep is commonly, among others, defined based on the notional size of the element. In case of imbedded steel or insulated boundaries the moisture transport can be partially affected or prevented. Also, the geometry and size of the cross-section have an important effect on the shrinkage behaviour of a concrete member. Hence, the performance of commonly used empirical formulas may be improved by applying a correction factor on the notional size. In order to investigate the impact of these various factors on the net macroscopic shrinkage used in analysis and design, a discretized 2D physical model was developed. The model was used to simulate drying of a concrete cross-section by determining the moisture distribution in the cross-section as function of time.
INTRODUCTION
Creep and shrinkage of concrete result in long-term deformations that may cause serviceability problems and it is therefore important to predict this effect properly. The mechanisms causing creep and shrinkage of concrete show significant correlation with the moisture distribution of the concrete cross-section. This study is focussing on the determination of the influence of the geometry of a concrete member on the drying shrinkage response.
The effect of moisture transportation has shown considerable effect on shortening of concrete members in case of imbedded steel profiles (Seol 2008) . The differential moisture distribution should therefore be taken into account in order to enhance the accuracy of the prediction of strain development. The deformation of concrete members depends highly on the possible moisture transport routes affected by for example a different shape geometry (T-beams), hollow areas (hollow core elements), obstructions (imbedded steel) and boundary conditions (isolations and exposed surfaces).
The moisture diffusion and differential drying shrinkage was determined using finite element analysis. This behaviour is determined by analysing the progress of moisture at each point of the concrete section in time.
NUMERICAL ANALYSIS OF DRYING CREEP AND SHRINKAGE
The creep and shrinkage behaviour is modelled using a finite element method combined with Fick's second law of diffusion, which describes the transient phenomena within the concrete section during each time-step of the analysis. The drying of a concrete cross-section with time is given by (Sue-Tae 2011):
( where is the relative pore humidity and is time. The progress of moisture diffusion through these specimens was calculated using the non-linear moisture diffusion equation (Bazant 1972) . For isothermal conditions the non-linear diffusion coefficient can be expressed as a function of the relative pore humidity as defined in Model Code 2010 (Fib 2010) as:
where is the maximum of ; is the minimum of ; (assumed 0.05); = the relative pore humidity at (assumed 0.80) and is an exponent (assumed 15). The free shrinkage at each point of the section is determined based on local drying and calculated as suggested by (Kim 2012; Bazant 1994): where is the shrinkage strain during time period ; is the magnitude of the final shrinkage; ; is the Young modulus at time and is the local moisture content at time . The moisture distribution at each time step and each material point within the concrete section is determined using the initial strains and induce non-uniform restraining stresses. An example of the moisture distribution of a T-shaped crosssection is shown in Figure 1 . This analysis of shrinkage and creep strains was performed by using a numerical step-by-step procedure in time in combination with transformed section properties adjusted in time. The local shrinkage behaviour in a specific point of the cross-section is determined based on the local moisture content history. This local strain response throughout the structural element in space/time is then transformed to a section-wide temporal shrinkage response by applying the principle of Navier-Bernoulli. The fictitious force and bending moment corresponding to restrain the local free shrinkage increment at time interval is determined by (Ghali 2011): in which is the y coordinate of the observed material point and is the area of the cross section The strain increment and curvature increment are then calculated by in which , and are respectively the area, the first moment of area and the second moment of area of the transformed cross-section multiplied with the modulus of elasticity . The final shrinkage is given by:
RESULTS OF THE NUMERICAL SIMULATION
The size of each element used in the numerical analysis was chosen equal to 5 mm and the simulation was performed for a period of 10 years using time step increments of 5 hours. An example of the drying shrinkage development obtained by the numerical analysis for different geometries such as rectangular, circular and Tshaped cross-sections are given in Figure 2 . 
REMARK
Drying shrinkage results in a shortening of the concrete element. Crosssections who do not have two axis of symmetry will also produce a curvature (inclined plane) due to the non-uniform shrinkage (see Figure 3) . The curvatures as function of time obtained from the numerical analysis of a T-beam with a width of 500 mm are shown in Figure 4 . (example z = 500 mm)
SHAPE CORRECTION FACTOR
An averaged cross-sectional approach in which the behaviour of the structural member is equal for the whole cross-section is a simple, fast and efficient method for the analysis of creep and shrinkage in concrete structures and is widely used in engineering practice. The formulations given in Model Codes and guidelines such as CEB-FIP (fib 2010), ACI (ACI 1998), B3 (Bazant 1995) , B4 (RILEM 2015) are generally used to calculate the shortening of concrete members. These methods provide fairly good results as an average for plain concrete cross-sections. It considers mix properties, size and exposed ambient conditions. The progress of drying shrinkage in Eurocode 2 is expressed as a function of the notional size of the element. Non-uniform behaviour of the cross-section cannot be captured correctly using these methods but can be accounted for using correcting parameters. The shrinkage and creep equations found in Eurocode have been modified to predict the shortening of the concrete element more accurately for different shapes. In this paper a modified shrinkage model is suggested to a determine shape correction factor to improve the accuracy of the formulations for drying creep of concrete by modifying the notional size in Eurocode 2. It is assumed that the differences between the different shapes are caused only by the moisture diffusion process. Consequently, the proposed method was used to perform a numerical analysis on a wide range of different shapes and dimensions for T-shaped beams to improve the local drying shrinkage prediction. The function (EN 1992-1-1) describes the timedevelopment of the drying shrinkage and is given as (with an additional proposed correction parameter ) :
where ; is the cross-section and is the perimeter of the member in contact with the atmosphere.; is a proposed shape correction factor for T-beams. Some examples for are shown in Table 1 . The goal of this paper is to define a general parameter to denote the influence of the shape and size of T-beams on the drying shrinkage development. The following equation is proposed (with R 2 equal to 0.93):
in which is the shape correction factor for T-beams and is the thickness of the flange in meters (see Figure 1) . A comparison of the proposed correction factor given by the proposed equation and the value of obtained by numerical results is shown in Figure 6 . 
CONCLUSION
• The time-development of the drying shrinkage behaviour obtained by the numerical analysis for prisms and cylinders is comparable with the function given by EN 1992-1-1 based on the notional size . 
